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Abstract 
During recent years, Terahertz (THz) electronics has attracted much attention in the applications of medical, biological and 
industrial imaging, broadband communication etc. A GaN high-electron-mobility transistor (HEMT) is promising to work as a THz 
detector due to its high breakdown field, high carrier density and high temperature operation ability etc. Here we report a quasistatic 
self-mixing model to describe the main features of the THz response in a GaN HEMT. The model can explain not only the 
magnitude, but also the polarity of the photocurrent.  Based on this model, we improve the gate design in GaN HEMTs from 
traditional symmetric pads to novel asymmetric pads. This novel gate design has been proved to be able to improve the THz 
detection responsivity by one order of magnitude.  
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1. Introduction 
GaN HEMTs are one of the most promising candidates to work as room-temperature high sensitivity terahertz 
detectors. The non -resonant detection relies on the self-mixing (rectification) of the damped plasma waves in the 2-
dimensional electron gas (2DEG) channel [1]. The self-mixing THz detector can have a high responsivity in a broad 
frequency range far above the transistor’s cut-off frequency at room temperature [2]. The self-mixing THz detectors 
and emitters have been regarded as the most potential devices for the realization of THz imaging systems and 
communication systems. However, a self-mixing device usually suffers from weak coupling between the incident THz 
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radiation and the 2DEG. To improve the coupling efficiency, a log-period antenna and/or a metal grating have been 
widely used. A grating coupler has been proved to be able to greatly enhance the feeding of a THz electromagnetic 
wave to a large area device in order to excite certain mode plasmons in the device’s channel.  
Recently, Shanner et.al have found that a membrane substrate on which a THz plasmonic detector is fabricated 
can improve the detector performance by 50-fold. Popov et.al have also found that the strength of electromagnetic 
coupling between the THz radiation and device depends on both the grating coupler and the substrate thickness. They 
showed that the membrane substrate can improve the plasmon resonance by a factor of 4 compared to the device on a 
bulk substrate. 
In this paper, we propose a model for the self-mixing HEMTs to explain the basic behaviour. Based on this 
model, we design a novel asymmetric gate structure (Fig.1 (b)) to improve the THz detection performance.  
  
 
Fig. 1. Schematics of the antenna structures with (a) traditional symmetric gate (b) proposed asymmetric gate. 
 
2. Self-mixing modelling 
The device proposed in this work is based on an In0.17Al0.83N(24nm)/GaN heterostructure, with a typical electron 
mobility and density of 1650 cm2/Vs and 1.9×1013 cm-2, respectively. The schematics of the top-view and cross section 
of the detector are shown in Fig. 1 and Fig. 2, separately. The key features of the detector design include (1) a 2µm 
length gate integrated with an asymmetric antenna, which provides electrical potential variance beneath the gate; (2) 
two patch antennas with 3 µm gaps next to the gate, which concentrate the THz radiation along the channel 
horizontally; and (3) the drain and source ohmic contacts adjacent to the patch antenna. 
 
 
Fig. 2 The schematic of cross section of the proposed GaN HEMT detector 
 
When the THz radiation is coupled into the device channel, it will induce two voltages. One is the perturbation 
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along the channel direction and another is the perturbation along the gate direction:  
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By putting this two equations together, we can get 
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Then integrate this item along the device channel and with one period, 
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where the first term of equation (3) is background current and second term is photocurrent. We can see the 
photocurrent is related to the characteristics of the HEMT and the antenna coupling efficiency. The DC output and 
transfer characteristics of the GaN-HEMT THz detector were calculated using a physics-based MIT virtual source 
model [4] and plotted in Fig. 3. The gate modulation characteristic of the transistor suggests that the detection 
performance could be tuned by varying the gate voltage.  
 
0 1 2 3 4 5
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20
I d
s 
(A
/m
m
)
Vds (V)
 -4 V   -3.5 V
 -3 V   -2.5 V
 -2 V   -1.5 V
 -1 V   -0.5 V
 0  V
-4 -3 -2 -1 0
0.00
0.01
0.02
0.03
0.04
0.05
0.06
g m
(A
/m
m
)
Vgs (V)
V
ds
:
 0.25
 0.5
 0.75
 1
 1.25
 1.5
 
Fig. 3 The output and transfer characteristics of the GaN HEMT detector 
 
3. Device analysis and discussion 
Fig. 4 plots the spatial distribution of the simulated photocurrent at 1 THz. For the traditional gate design, the 
photocurrents are equally induced at both sides of the gate with opposite directions and then counteracted and killed 
by each other. On the other hand, for the proposed asymmetric gate design, strong photocurrent occurs at the edge of 
the gate antenna and patch antenna. Due to the antenna asymmetry, the mixing at the left edge is about 5 times stronger 
than that at the right edge. Furthermore, the mixing at the left edge generates a current with the same direction as the 
one at the right edge. This unbalanced photocurrents lead to a strong unidirectional mixing current.  
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Fig. 4 Simulated photocurrent spatial distributions for (a) traditional symmetric antenna (b) proposed asymmetric antenna. 
 
Fig. 5 (a) shows the photocurrent versus the gate bias for both two designs. It clearly demonstrates that the 
photocurrent of the proposed asymmetric gate design can be improved by one order compared to the traditional gate. 
In Fig. 5 (b), the photocurrent is mapped as a function of VDS and VG in a color-scale plot at 1THz. A strong 
photocurrent is produced in the linear regime and just above the gate threshold voltage, and strongly depends on the 
applied gate and drain biases. The best performance is predicted at VDS from 0V to 0.5V and VG from -3.3V to -2.8V. 
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Fig. 5 (a).The photocurrent versus Vg for both the traditional symmetric antenna design and the proposed asymmetric antenna 
design. (b) The photocurrent color map as a function of Vg and Vd for the proposed asymmetric antenna design. 
 
4. Summary 
In a summary, we propose a model for the self-mixing THz detection in GaN HEMTs and design a novel 
asymmetric gate. By simulation, the proposed device shows much higher performance than the traditional symmetric 
gate design. 
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